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Abstract 

The Swift Gamma Ray Burst Explorer has proven to be an incredible platform for studying the multiwavelength 
properties of supernova explosions. In its first ten years, Swift has observed over three hundred supernovae. The 
ultraviolet observations reveal a complex diversity of behavior across supernova types and classes. Even amongst the 
standard candle type la supernovae, ultraviolet observations reveal distinct groups. When the UVOT data is combined 
with higher redshift optical data, the relative populations of these groups appear to change with redshift. Among core¬ 
collapse supernovae. Swift discovered the shock breakout of two supernovae and the Swift data show a diversity in the 
cooling phase of the shock breakout of supernovae discovered from the ground and promptly followed up with Swift. 
Swift observations have resulted in an incredible dataset of UV and X-ray data for comparison with high-redshift 
supernova observations and theoretical models. Swift’s supernova program has the potential to dramatically improve 
our understanding of stellar life and death as well as the history of our universe. 


1. Swift as a Supernova Observatory 

Though designed as a gamma-ray burst (GRB) 
follow -up mission, the Swift satellite (IGehrels et al. 


2004ft has proven to be remarkable observatory for a dif¬ 


ferent type of cosmic explosion - supernovae. Its short 
term scheduling and ability to be rapidly repointed al¬ 
low observations to begin shortly after a supernova is 
discovered. The discoveries usually come from ground- 
based supernova searches, though Swift actually discov¬ 
ered two unique supernovae based on their shock break¬ 
out emission which are discussed below. Swift’s short 
term scheduling allows campaigns to be modified regu¬ 
larly based on the results of data which are available on 
the internet hours after the observations. Viewing con¬ 
straints require Swift to point to several different objects 
within its ninety minute orbit, so there is no increased 
overhead for short observations of relatively bright ob¬ 
jects. This allows nearby supernovae to be observed 
with a relatively short cadence to follow the temporal 


evolution. These observing characteristics are coupled 
to the unique nature of ultraviolet (UV) and X-ray ob¬ 
servations which cannot be made from the ground. 

The first ultraviolet ob servation of a supernova was in 


1972 (iHolm et al.L Il974ll . Eor three decades, observa¬ 


tions with the International Ultraviolet Explorer (lUE), 
Hubble Space Telescope (HST), the X-ray Multi-Mirror 
Missions Optical Monitor (XMM-OM), and the Galaxy 
Evolution Explorer (GAL EX) obse r ved o n ly a few su¬ 
pernovae each year (see Panagia, 2003 : Eolev et all 
2008[ iBrownl l2009l for a review of these observations 
and their results). A dramatic change began in March 
2005 when the Swift satellite observed SN 2005am 


(iBrown et al.Ll2005l) . This started an intensive campaign 
with Swift’s Ultra-Violet Optical Telescope (UVOT; 
Roming et al.Ll2005h to characterize the behavior of su¬ 
pernovae in the UV. The dramatic increase in the num¬ 
ber of supernovae observed in the UV is shown in Eig- 
ure[I] 
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Figure 1: Supemovae observed in the UV. 


In its first ten years, Swift has observed over three 
hundred supernovae. These cover all major classes and 
even most of the minor subclasses (some of which were 
not even identified ten years ago). Most of those su¬ 
pernovae are not single observations, but the target of 
a campaign to study the temporal evolution of the UV 
flux. A montage of UV light curves is shown in Fig¬ 
ure |2] The UV is very sensitive to many features of 
the progenitor (e.g. metallicity), explosion (temper¬ 
ature, ejecta density gradients, etc), and environment 
(reddening, circumstellar interaction, etc.). Figure [3] 
shows the UV region covered by the Swift/UVOT fil¬ 
ters compared to the diversity of supernova types, the 
effect of metallicity on a type la supernova spectrum, 
and the temporal evolution of a type IIP supernova. 
The UV is a much more sensitive probe than the op¬ 
tical to many of these effects. UV light curves for 
many objects have been published in individual papers 
along with severa l compilations (Brown etal.1 12009 


Milne et al.L |2010[ 120131 [Pritchard et al.L |20l4 . The 


latest release is th e Swift Optical/Ultrav iolet Supernova 
Archive (SOUSA; Brown et al. . 2014ah . 


Because they are co-pointed, there is a comparable 
rise in the number of supernovae observ ed in the X-rays 


with Swift’s X-Ray Telescope (XRT; iBurrows et al. 


200-51 Though most supernovae are undetected in X- 


rays. Swift XRT has contributed significantly to the 
number of supernovae detected at X-rays as well as sig- 


ers (K 

OSS & Immleil 20071 Li & Pun, 201 

; Ofek et al. 

201 3I; 

Mareutti et al..l2014bl: Poolev 2014 

). 



Figure 3: Top Panel: Effective areas of the Swift UVOT filters. Sec¬ 
ond Panel: Observed pectra of different types of supemovae show¬ 
ing very different UV-optical spectral shapes. Third Panel: Theo¬ 
retical spectra near maximum light of a type la supernova showing 
the different UV be havior resulting from different metallicities (from 
IWalker et alil201^ . Bottom Panel: Theoretical spectra showing the 
temporal evolution of a ty pe IIP supernova an d the dramatic differ¬ 
ences in the UV flux ffrom lPessart et alll2008h . 
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Figure 2: UVOT uvwl light curves of Swift supemovae over the first ten years. Dashed lines connect the data points, most noticeable for supernovae 
detected over a period of several years. The observed magnitudes show the dynamic range of the Swift supernova observations. 


2. Type la Supernovae 

Swift/UVOT observations of type la supernovae have 
dramatically improved the sampling of these important, 
but mysterious explosions, both in the number of events 
studied and in the number of observations per event. 
The sheer volume of data has been instrumental in un¬ 
derstanding the basic characteristics of the UV emis¬ 
sion as a function of the different varieties of type la 
supernovae. Theoretical predictions that the UV wave¬ 
length range is a vital probe of the explosion physics 
have been borne out with the recognition that the UV 
emission does not simply trace the optical emission, but 
instead evolves dramatically in UV-optical colors. The 
near-ultraviolet behavior observed with UVOT has been 
found to be similar to the few light curves available 
from lUE a nd HST, when obse r ving the same o r sim 


ilar events (iBrown et al.. 2005: Kirshner et al.. 1993 


Wang et al. , l2009h . providing a bridge between UVOT 
photometry and lUE/HST spectroscopy. A number of 
supernovae have also been observed with Swift UVOT’s 
grisms, with spectra quality and ob served features com¬ 
parable to that observed with lUE ( Bufano et al.l 12009 ; 


Foley et ^ - M^gutti et all 2014bl). 

Brown et alJ ( 201ol) performed the first study of the 


absolute magnitudes of type la supernovae in the UV. 
They found that the near-UV uvwl and u filters fol¬ 
lowed a luminosity-width relation similar to the optical. 
The scatter was not significantly larger in the UV than 
the optical, but both were dominated by observational 
errors. As a significant fraction of the errors was due to 
distances, effort has been made to observe more distant 
type la supernovae with better bubble flow velocities. 
The mid-UV absolute magnitudes showed a large intrin¬ 


sic scatter. The nature of that scatter is still under inves¬ 
tigation, and there are many more Swift supernovae to 
be included in future studies. 

2.7. UV-Optical Color Evolution of Groups of type la 
Supemovae 

The utility of combining UV observations with op¬ 
tical observations has been demonstrated by the UV- 
optical color classes that have become apparent through 
the publication of dozens of type la Swift supernovae. 
Normal type la supernovae, the group that is important 
for cosmological measurements, show more diversity in 
the UV than the optical. The UV-optical colors start out 
very red and become bluest just before the time of max¬ 
imum light in the optical. After maximum light the col¬ 
ors rapidly becoming redder again. The same general 
behavior is also observed in optical colors, but in the 
UV the magnitude of the color change is greater and the 
transition from a blue slope to a red slope is far more 
dramatic. iMilne et alJ (12013h show a separation of the 
color curves into two groups, having the same temporal 
shape but offset by color, identified as NUV-blue and 
NUV-red. These groups are not distinct in the optical, 
with well observed prototypes inc luding the ’ ’ golden 
standard la” NUV-red SN 2005cf dWang et all 12009 ) 
and the normal but NUV-blue SN 201 Ife ( Brown et al . 
2012bl: iMilne & Browni l2012h . The NUV-blue super¬ 
novae are also slightly bluer in optical colors, but at a 
reduced level such that they had not been recognized as 
a separate group before UVOT. The search continues to 
correlate the UV-optical color grouping with features in 
the optical emission. The most promising correlation, 
to date, has been the presence of CII in the early-epoch 
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spectra (IThomas et all 1201 Ih . a feature attributed to un¬ 
burned carbon in the outermost supernova ejecta. 

The majority (~ 2/3) of nearby normal type la su¬ 
pernovae obs erved by Swift/UV OT fall in the NUV- 
red category ( Milne et al.l 2015 ). A comparable frac¬ 
tion of supernovae observed with near-u ltraviolet spec¬ 
troscopy with HST ( Maguire et al. , 2012 ) are also NUV- 
red. Higher redshift supernovae, where the near¬ 
ultraviolet light has been redshifted and observed in 
the optical with 8m-class telescopes, have a different 
distribution with th e NUV-blue supernovae dominating 
dMilne et al.Ll2015l) . Indeed, a transition from NUV-red 
dominance to NUV-blue dominance is seen as the sam¬ 
ples are separated into redshift bins. The color distribu¬ 
tion does not shift to the blue, but rather, the number of 
supernovae in the different color regions changes. This 
suggests an evolutionary shift in the relative fractions 
of the population of type la progenitors or some other 
characteristic. 

2.2. Subclasses of Type la Supernovae 

The differences described above apply to the opti¬ 
cally “normal” type la supernovae used as standard can¬ 
dles to measure cosmology because they are so sim¬ 
ilar. Swift/UVOT has also observed nearly as many 
non-normal supernovae, and the volume of data has al¬ 
lowed the recogni tion of differ e nt emis sion properties 
for the subclasses. Brown et al. ( 2014bl) studied a sam¬ 
ple of three super-Chandrasehkar candidates, finding 
that these explosions were UV-bright at all epochs, in 
addition to the previously recognized bright optical ab¬ 
solute magnitudes. The additional information from the 
UV emission further strengthens the interpretation that 
some of these events require more ^®Ni then can be pro¬ 
duced in a Chandrasekhar-mass explosion. That work 
also presented the UV-optical colors of “SN 1991 T-like” 
supernovae, often interpreted to be a Chandrasekhar- 
mass explosion that has converted a larger than average 
fraction of the total mass into ^®Ni. Some of the 91T- 
like supernovae were initially quite blue, but transition 
to normal UV-optical colors with epoch, schematically 
in agreement with the evolution of optical spectra which 
are peculiar at pre-peak epochs, but become fairly nor- 
m al by optical p eak. 


Milne et d] ( 2010l) showed the UV-optical light 


curves of a number of optically narrow-peaked super¬ 
novae (often referred to as subluminous type la su¬ 
pernovae). This group exhibits a bi-modal distribu¬ 
tion, with one group appearing similar to normal super¬ 
novae la in color evolution, while the other is redder at 
all epochs. The redder group actually feature UV light 
curves that are not narrow compared to normal type la 


supernovae (the optical light curves are narrow and de- 
fine membe r ship in the narrow-peaked group). Indeed, 
Milne et al. ( 20101) included the red-group SN 2005ke 
in the creation of a mean template from ten type la su¬ 
pernovae. 

2.3. Ultraviolet and X-ray Limits on Type la Supernova 
Companions 

Despite their importance as distance indicators, the 
progenito r systems of type la supernovae are not under¬ 
stood (see lMaoz et al.Ll2014l for a recent review). iKasen 
( 2010l) published a testable model perfectly suited to 
Swift’s strengths. He showed that the interaction of the 
supernova ejecta should create a shock that would emit 
strongly in the UV for a few days after the explosion. 


Brown et alJ (l2012ah started with a sample of twelve 


type la supernovae which had been observed by Swift 
within ten days of the estimated explosion date. The nu¬ 
merical models of Kasen ( 2010l) were found to be an in¬ 
adequate match to the unshocked supernova emission in 
the UV, so the analytic models for the shock luminosity 
itself were used to put limits on the separation distance. 
For all of the supernovae, red giant companions were 
ruled out for most viewing angles. Factoring in the ex¬ 
pected angular distribution, this sample was able to sta¬ 
tistically rule out red giants as the companions for more 
than half of type la supernovae. The extremely nearby 
SN 201 Ife was discovered extremely young and ob¬ 
served by Swift within two days of explosion. This al¬ 
lowed deep constraints on the bri ghtness of a shock an d 
the separation of a companion ( Brown et all 2012bh . 
Even a main sequence companion would have to be lo¬ 
cated at the statistically unlikely bad viewing angle to 
escape detection according to the Kasenl ( 2010l) models, 
making the case for a double degenerate progenitor sys¬ 
tem. 

The UV-bright SN 201 Ide was adequately fi t by the 
Kasen ( 2010l) model with a large companion ( Brown . 
2014 . The uniqueness of the fit, howeyer, is brought 
into question by the ability of the model to adequately fit 
the post-maximum decline of seyeral UV-bright Super- 
Chandrasekhar supernoyae ( Brown et all 2014bl) . some 
of which had UV spectroscopy or pre-maximum pho¬ 
tometry inconsistent with the model predictions. 

Swift has a completely independent method of inyes- 
tigating the progenitors of type la supernoyae for which 
the data is neyertheless taken during UV-oriented ob- 
seryations of the supernoyae. Interaction of the super- 
noya ejecta with circumstellar material shou ld create de¬ 
tectable X-rays. iRussell & Immlen (12012h studied the 
XRT data for a sample of 53 type la supernoyae, most of 
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which were observed by Swift to study their UV emis¬ 
sion. They computed upper limits to the X-ray luminos¬ 
ity and the corresponding constraint on the mass loss 
for the individual supernovae and for the whole stacked 
sample. For the stacked sample the X-ray limit (0.2- 
10 keV) is L < 1.7 x 10^* erg s“* and the mass loss 
M < 1.1 X MQyr—\(vw)l{\0kms — 1). This rules 
out red giant stars as the companion stars in a majority 
of type la supernova progenitor systems. 

The observations of SN 201 Ife turned out to be 
as deep as the previous samples combined (though 
the results then o nly relate to the single system). 
Horesh et al. ( 2012h measured limits from the first ob¬ 
servation of L < 5 X 10^* erg s“* and M < 0.2 x 
10^^ MQyr-l(vw)/{IQkms - 1). Combining with ra¬ 
dio and Chandra X-ray limits, the mass loss constraint 
is eventuall y pushed another tw o orders of magni¬ 
tude lower ( Margutti et al. . 2012h . Comparable lim- 
its are also placed fo r the very nearby SN 2014J 
(iMargutti et al.L l2014ah . Taken together, these results 
suggest a very clean environment around type la super¬ 
novae. 


3. Core-collapse Supernovae 

Core-collapse supernovae are especially diverse in 
their UV properties, with hydrogen-dominated type II 
supernovae typically being UV-bright for significant 
periods of time and the radioactively-powered type 
Ib/c supernovae bein g UV-faint at peak brightness. 
Pritchard et al. ( 20141) compiled data from fifty of the 
core-collapse supernovae observed by Swift/UVOT dur¬ 
ing its first eight years. The large numbers allow not 
only the contrasting of different supernova subclasses, 
but comparisons of the color and luminosity distribu¬ 
tions within subclasses. They also show the large varia¬ 
tion the UV makes to the total bolometric luminosity of 
different supernovae and how it relates to optical obser¬ 
vations. 


3.1. Type Ib/c Supernovae and Gamma Ray Burst- 
Supernova Connection 

Swift is a gamma ray burst mission. Gamma ray 
bursts (the > 2 second long bursts at least) origi¬ 
nate from the formation of a black hole dur i ng the 
collapse of a massive st ar (iThomnson et al.L 12004 : 
Gehrels & Meszar^ 2012h . The rebounding shock also 
crea tes an outward expanding supernova explosion (see 
e.g. Wooslev & Blooml 2006 ). It would be natural for 
Swift to study core-collapse supernovae with or without 
an accompanying gamma ray burst in order to better un¬ 
derstand what differences they might have. A separate 


review article in this volume is dedicated to the Gamma- 
Ray Burst-Supernova connection (Soderberg). 

An important event was GRB 060218 and its ac¬ 
companying supernova 2006aj. The gamma ray trig¬ 
ger coupled with Swift’s fast response allowed the 
best observations of the sh ock breakout of a super¬ 
nova ( Camnana et al.L 20061) . The duration of the shock 
breakout is longer than predicted for a compact, massive 
star, suggestive of an optically thick wind surrounding 
the supernova progenitor. The radioactively-powered 
portion of the supernova is UV-faint. Once the shock 
passes through the supernova wind, the supernova cools 
rapidly and is reheated by radioactive heating. This 
second peak is relatively cool and line blanketing from 
iron-peak elements further suppresses the UV flux. This 
prevents the “supernova bump” from being observed in 
the optical at higher redshifts, and when a bump is de- 
tected at longer wavelengths its colors are red (see e.g. 


7eh et al.L 12003) . 


While observations of the shock of SN 2006aj was 
triggered by a gamma ray burst, an even more remark¬ 
able shock breakout was observed completely serendip- 
itously. During observations of the Ib SN 2007uy, an 
X-ray outburst elsewhere in th e same galaxy s i gnaled 


the explosion of SN 2008D (ISoderberg et al.L 12008 


Modiaz et al.L l2009h . Though heavily reddened, the 


subsequent UV/optical shock was faintly detected by 
Swift/UVOT. 

The pec uliar supernova 2006jc ( Pastorello et al.[ 
20071 l2008h inspired a new “Ibn” classification (simi¬ 


lar to the hydrogen emitting type Iln supernovae to be 
discussed later) given to supernovae interacting with a 
helium (rather than hydrogen) dominated circumstellar 
medium resulting in narrow helium emissions. It was 
also UV-bright and featured a brightening in the X-rays 
when the eject caugh t up with a shell of ejected material 


(llmmler et al.Ll2008h . 


3.2. Type Ilb Supemovae 

Type lib supernovae show hydrogen at early times but 
the features become weaker and helium appears. Thus if 
only a single spectrum is taken, such a supernova could 
appear to be a typical type II supernova at early times 
or a type Ib if only observed late. This transition is 
caused by an outer layer of hydrogen which contributes 
at early times but then becomes optically thin. The ef¬ 
fect on the ultraviolet can be understood in terms of the 
shock breakouts discussed above. The outer layer of 
hydrogen will radiate strongly in the UV but fade as it 
cools. The fading is slower than for the smaller stripped 
envelope core-collapse supernovae, so the shock is vis¬ 
ible for a longer time. Early discoveries and prompt 
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Swift/UVOT observations are thus able to see fading 
UV emission from this adiabatic cooling. These shock 
breakouts have a range of brightness and durations cor- 


bluer as it brightened over 30 d ays, and then reddened 
as it faded ( Roming et an. l2012h . SN 20 09iphas a sim i- 


ing from faint (SN 2008ax; 

Roming etal.1 2009) to 

brighter (SN 201 Idh; Arcayi et al., 2011; Marion et al.. 

2014; 

Ergon et al., 201A 

) and quite bright (SN 2013df; 

Morales-Garoffolo et al. 

2014). 


3.3. Type IIP Supernovae 

Type IIP supernovae have large hydrogen envelopes, 
so their UV flux would be expected to last longer than 
the stripped-envelope core-collapse supernovae dis¬ 
cussed above. Swift/UVOT observations of SN 2005cs 
confirmed an early, bright UV luminosity and were 
the hrst to s how the temporal evolution of a IIP 
(iBrown et al.L 120071) . These observations showed a 


monotonic flux decrease in all the UV hlters while the 
V-band magnitude remained nearly constant (the defin¬ 
ing feature of a type II-“P”lateau). The first epoch 
showed a strong UV-continuum, consistent with a tem¬ 
perature of 15,750 K and line absorption from Nilll and 
Felll. Radiative transfer modeling on SNe 2005cs and 
2006bp showed the UV drop is driven by the falling 
temperature, with ionization shifts (e.g. Nilll to Nill 
and Felll to F ell) and strengthenin g line absorption also 
contributing dPessart et al. . 20081) . Once the tempera¬ 
ture stabilizes, the UV light curves flatten out, an ef- 
fect best seen in the late observations of SN 2012aw 
dBavless et al.. 2013h . 


Peicha & Prietol d2015h incorporated Swift/UVOT 


observations of type IIP supernovae into an empirical 
model of the photospheric radius a nd temperature varia- 
tions Back on the theoretical side, Bavless et al.l ( 201^ 
modeled the effect the mass of the hydrogen envelope 
has on the shock breakout and subsequent light curve 
evolution. Removing hydrogen results in a quicker drop 
off in the UV and optical flux, broadly following the 
different classes described above. 

3.4. Type Iln Supemovae 

Type Iln supernovae are identified by narrow hydro¬ 
gen emission lines, rising from circumstellar material 
which has been shocked by the supernova ejecta. They 
show a wide variety of UV behavior. SN 2007pk be¬ 
gan UV brig ht but reddened quick ly, similar to type IIP 
supernovae ( Pritchard et al. . 2012 ). SN 2010jl was ex¬ 
tremely UV-bright and slowly faded in the UV and op¬ 
tical with a nearly constant color, while in the X-rays 
it brig htened after two h undred days and has remained 
bright ( Ofek et al. . 2014 ). SN 201 Iht began red, became 


lar, tho ugh much more rapid, evolution (iMargutti et al 


2014bl) . It was unique in that it was first detected as 


an outburst of some sort several years before a much 
more luminous outburst. Whether the later outbursts of 


under dispute and obseryation (Hu 

mohreys et al.. 2012; 

Pastorello et al.. 2013; Fraser et al. 

, 2013|). The charac- 


teristic emission of a type Iln supernova comes from an 
optically thick shell, resulting in a form of stellar am¬ 
nesia where the external observables are the same re¬ 
gardless of the underlying explosion. Thus the collision 
of shells from outbursts of a luminous blue variable can 
result in a very luminous event even if the star has not 
terminally exploded. This emission can also come at 
different times with a transient being first identified as 
a Iln and later app earing like a normal IIP (PTFlliqb; 
Smith et al.Ll2015h or objects first classified as Ilb which 
later interacted with their surrounding medium, spec¬ 
troscopically resembling type Iln supernovae and emit- 
ting UV radiatio n for years (SNe 2005ip and 2006jd; 
Stritzinger et al.L 20121) . The bright UV emission of 
type Iln supernovae allows them to be detected at very 
large distances, wi th the highest at a redshift of ~2 
(ICooke et al.L l2009h . Swift UV observations of nearby 
type Iln supernovae will provide an important compari¬ 
son set for these distant objects. 


3.5. Superluminous Supemovae 

A new class of Superluminous Supernovae (SLSNe) 
has only recently been discovered which are up to 50 
times more luminous than the T ype la supernovae used 
for cosmological measurement s ( Pastorello et al. , 2010l : 
Ouimbv et al. . 2011 : Gal-Yamj 2012 ). Their observed 
behavior is varied, though, and the ~20 well studied 
examples have b een divided into separate groups (see 
Gal-Yaml l2012l for a review). Analogous to classi¬ 
cal supernova typing, SLSNe I have no hydrogen in 
their s pectra, and they may be related to Ic super- 
noyae ( Pastorello et al. . 2010h . Their high peak lumi¬ 
nosity could be from a large mass of radioactiye Ni; 
the light cury es, howeyer, are too narrow for the re¬ 
quired mass. Inserra et alJ ( 2013 ) modelled the light 
curyes of fiye SLSNe I with energy coming from the 
spin-down of a magnetic neutron star. iGal-YamI (12012h 
suggested a SLSN-R class which also shows no hydro¬ 
gen but are powered by radioactiye decay. Their progen¬ 
itors must be extremely massiye, with their explosion 
possibly tri ggered by pair-instabil ity as was argued for 
SN 2007bi ( Gal-Yam et al.L 2009h . thou gh similar ob- 
jects are inconsistent with such a model ( Nicholl et all 
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20131). The overlap between these two groups is still un¬ 


certain, especially given the small numbers of objects. 

In addition to their higher optical luminosity, an im¬ 
portant difference between SLSNe and type la super¬ 
novae is their UV luminosity. For reasons not yet un¬ 
derstood, SLSNe I do not show the strong metal line 
blanketing which suppresses the UV flux in other type 
I supernovae. Type II SLSNe show a very strong rise 
in flux to shorter wavelengths, similar to the hot pho¬ 
tospheres of the classical hydrogen-dominated type II 
supernovae. For the earliest observations of SN 2008es 
the wavelength of the peak flux was shortward of the 
Swift UV observat ions (rest wavelength of ~1500 A; 
Gezari et'dl 2009 . Thus UV observations are impor¬ 


tant for measuring the total luminosity and constrain¬ 
ing the temperature. It is also key to understanding the 
explosion mechanism(s). From an observational stand¬ 
point, the high UV flux makes it much easier to detect 
these supernovae at higher redshifts because the spec¬ 
tral shape (and its shift with redshift into the observed 
bands) helps rather than hurts. The current most di stant 
SLSN was discovered at z-3.9 ( Cooke et al. . 2012 ). 

While the high luminosity makes them detectable 
at higher redshifts, the redshifting of light makes it 
harder to systematically compare SLSNe at the same 
rest-frame wavelengths. Most observations are made in 
the gri bands which cover exclusively space-UV rest- 
wavelengths beyond a redshift of 1.7. For the SLSN at 
z=3.9 the rest frame gri corresponds to rest wavelengths 
of 1000-3000 A. As shown in Figured observer-frame 
optical observations trace out tracks of wavelengths that 
move to shorter wavelengths as the redshift increases. 
At each redshift a different rest-frame wavelength range 
is probed by optical observations. Observer-frame UV 
observations probe parallel tracks of rest-frame wave¬ 
lengths, allowing a comparison with higher redshift op¬ 
tical observations. These are needed to compare SLSNe 
at the rest wavelengths from which the bulk of their 
emission is emitted. 


4. The Future of Swift Supernovae 

The large diversity of Swift supernova observations 
have raised questions that were not even being asked 
when Swift launched. While the quantity of Swift su¬ 
pernova observations is incredible, we hope to continue 
many more observations in the future. Larger numbers 
of type la supernovae, for example, will allow statisti¬ 
cally significant numbers of events to be studied with 
different sample cuts and regressions. This will aid 
in breaking the degeneracies of metallicity, reddening. 



Rest Wavelength [nm] 


Figure 4: Redshift versus rest-frame wavelengths covered by differ¬ 
ent filters. The redshifting of light from distant supemovae requires 
knowledge of shorter rest-frame wavelengths of nearby supemovae in 
order to compare how their properties might change over the history 
of the universe. 


density gradients, explosion differences which all affect 
the UV flux. 

Future samples of supernovae will also push to 
younger times where the rapid response of Swift is 
even more important and can open up new discover 
channels. The upcoming Zwicky Transient Facility and 
other near-term projects focusing on rapid cadence su¬ 
pernova searches will provide excellent targets for Swift 
follow up. Swift’s efficient and responsive Target-of- 
Opportunity request system allows the supernova com¬ 
munity to request observation, while the prompt and 
public release of data allows for timely data analysis by 
anyone. 

The dissemination of the Swift data allows for more 
comparisons with complementary data sets, such as 
spectral velocity and abundance measurements, host 
galaxy properties, and other multi-wavelength param¬ 
eters. The Swift/UVOT observations will be the lo¬ 
cal benchmark of rest-frame UV characteristics against 
which to compare the high redshift supernovae which 
are observed by past, present, and future optical tele¬ 
scopes. 

For years the theoretical understanding of the UV flux 
of supernovae has been data starved. With the exception 
of SN 1987A, most UV observations were limited to a 
few epochs near maximum light. Rather than match¬ 
ing a single object at a particular epoch, theorists can 
now test whether their model can be appropriately var¬ 
ied to match the distribution of objects and how their 
differences change with time. For type la supernovae, 
constraints on the explosions and environments may im- 
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prove their utility as standard candles. For core-collapse 
supernovae, the Swift data will teach us about mass loss 
during the hnal stages of life and death of massive stars. 
Examples of many rare subclasses now have UV and X- 
ray data to constrain the nature of these explosions. This 
deeper understanding of the wide diversity of stellar ex¬ 
plosions will be one of Swift’s last legacies. 
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